Aim: Long-term evaluations of childhood obesity treatments are needed. We examined changes in weight and cardiometabolic risk 1 year after children completed individual family or group-based weight management interventions. Methods: In 2009-2010, 6-to 12-year-old children with overweight or obesity from Finnmark and Troms (Norway) were recruited after media coverage and randomised to 24 months of individual family (n = 49) or group intervention (n = 48). Individual family intervention included counselling by a paediatric hospital team and a public health nurse in the local community. Group intervention included meetings with other families and a multidisciplinary hospital team, weekly physical activity sessions and a family camp. The primary outcome body mass index (BMI) and cardiometabolic risk factors were analysed 12 months after intervention. Results: From baseline to 36 months, children's BMI increased 3.0 kg/m 2 in individual family and 2.1 kg/m 2 in group intervention (between-group −0.9kg/m 2 , P = 0.096).
| INTRODUC TI ON
Childhood obesity is associated with physical and psychological comorbidities including adverse cardiometabolic outcomes such as high blood pressure, dyslipidaemia and insulin resistance. 1 Given these health risks, there is a need for accessible and effective weight management interventions for children with obesity and their families. 2 Modest improvements in weight and weight-related outcomes have been reported often in response to multicomponent lifestyle interventions for treating childhood obesity. 3, 4 A review of lifestyle interventions indicated that immediate post-intervention improvements in children's weight status were not sustained over long term. 3 Additionally, changes in health outcomes other than weight status as cardiometabolic risk factors have been reported infrequently. 3 This shortcomings highlight the need for long-term follow-up data from paediatric weight management interventions, with outcomes that include both weight and weight-related measures.
Group-based treatment of childhood obesity may be more effective than individual approaches. A review suggested an enhanced effect of group interventions at 6-month follow-up, but there was no evidence for longer-term effects. 4 Although health services in the primary care setting are important for detecting and managing obesity and its complications, 2 there is little evidence of effective primary care interventions. 5 The most effective weight management interventions include frequent interactions between multidisciplinary teams and families, which differ from how most primary care visits are conducted. There is a need to extend existing evidence and test novel interventions that are feasible in primary care.
The Finnmark Activity School trial was a collaborative initiative across primary and specialist care settings. The study was designed to treat childhood obesity in a region of Norway with high prevalence of overweight and obesity in children and cardiovascular disease in adults and limited staff resources in the healthcare system. 6, 7 The trial tested a more conventional individual family intervention vs a multicomponent group-based intervention. Follow-up at 24 months immediate after intervention showed no between-group difference in body mass index (BMI) but a modest between-group effect in BMI standard deviation score (SDS) and waist circumference in favour of group intervention. 8 When data from both groups were pooled, we found improvements in BMI SDS and psychological outcomes at 24 months.
The objective of the current report was to examine changes in BMI and cardiometabolic risk factors 12 months after completing the 24-month intervention to investigate whether long-term changes in weight and weight-related outcomes were present.
| MATERIAL S AND ME THODS

| Participants and settings
Our study was described previously. 9 The study was conducted at the Paediatric Department at Hammerfest Hospital, and participants were recruited through media coverage in 2009-2010. Altogether 97 children aged 6-12 years with overweight or obesity 10 from six municipalities in Finnmark county, and the municipality of Tromsø were randomised to individual family intervention or group intervention in a parallel design. The intervention lasted 24 months and was followed by a 12-month observational period that included no active treatment. The trial was designed, conducted and reported in accordance with the Consolidated Standards of Reporting Trials guidelines.
| Individual family and group intervention
The individual family intervention included counselling by a nurse, consultant physician and nutritionist at the paediatric outpatient clinic and follow-up by a public health nurse in the local community. The group intervention included an initial 3-day inpatient stay at the hospital with other families and a multidisciplinary team, individual and group-based follow-up visits by local public health nurses, weekly physical activity (PA) sessions in their local community and a 4-day family camp. Local coaches with experience in children's sports led the PA sessions. During the 24-month intervention period, children in individual family intervention were offered 11 hours of health-care provider contact while their peers in the group intervention were offered 119 hours of contact, which included 76 hours of PA sessions. 8 Families who requested more support after 24 months were recommended to contact their primary care provider for follow-up care, no additional intervention sessions were offered through the study.
| Study preparation and implementation
Chief municipal executives in each municipality and the chief executive officer at Finnmark Hospital Trust committed resources prior to the start of the intervention. All intervention-related visits occurred between families and healthcare providers in the local comm-based data collection visits at baseline, 3, 12, 24 and 36 months. Healthcare
Key notes
• Long-term data are needed to examine whether improvements experienced by children enrolled in weight management interventions are maintained over an extended period.
• An intensive group-based intervention did not outperform an individual family intervention 12 months after completion in terms of weight, small between-group effects in cardiometabolic outcomes were detected.
• Data from both groups combined revealed that body mass index standard deviation score continued to decrease 1 year after intervention providers from both the municipalities and the hospital participated in 4, 1.5 day training courses covering aspects of childhood obesity including genetics and biology, weight bias and counselling skills including Brief Solution Focused Method and Motivational Interviewing. [11] [12] [13] Providers from the local communities and multidisciplinary hospital team met quarterly (formally) and ad hoc by telephone and video conferences to address challenges, optimise intervention delivery and reinforce learning and networking.
| Primary and secondary outcomes
Body mass index kg/m 2 (primary outcome), waist circumference and cardiometabolic risk measurements (secondary outcomes) were collected at hospital visits at baseline, 3 (anthropometry only), 12, 24 and 36 months.
As previously described, 9 height, weight, waist circumference and pubertal status were measured by trained nurses. Primary outcome assessors were blinded to group allocation. BMI and BMI SDS were calculated using an online calculator that was based on British reference data. 14 After a 5-minute seated rest, systolic and diastolic blood pressure were measured three times using Dinamap ProCare100 calibrated sphygmomanometer (Med-Electronics) and appropriate sized cuff while children remained in a supine position. The three values were averaged and classified according to percentile for height, gender and age in three categories: <90th percentile, ≥90th and <95th percentile and ≥95th percentile. 15 Fasting blood samples were collected by biomedical engineers percentile, triglycerides ≥1.7 mmol/L, HDL cholesterol ≤1.03 mmol/L and fasting glucose ≥5.6 mmol/L). 15, 19 
| Statistical analyses
Between-group differences at baseline were assessed by independent samples t test and Pearson's chi-square tests. The data were analysed in accordance with the original allocation independent of participation and according to intention-to-treat principles. Linear 
| Ethics
The Regional Committee for Medical and Health Research Ethics, Region North approved the study, and it was conducted in accordance with the Helsinki Declaration. The parents provided written informed consent, and all children ≥12 years gave their assent.
| RE SULTS
Altogether, 62 out of 97 children randomised (64%) attended the end of follow-up visit at 36 months and 51 children (53%) provided blood samples ( Figure 1 ). There were no significant differences in baseline variables between individual family intervention and group intervention except for total cholesterol. There were no overall or within-group differences in baseline BMI between those who attended vs those who did not attend 36-month follow-up (Table 1) .
From baseline to 36 months BMI increased by 3.0 kg/m 2 in individual family and 2.1 kg/m 2 in group intervention, no between-group differences were detected (−0.9, 95% CI: −1.9 to 0.2 P = 0.096). Over this same period, BMI SDS decreased by −0.13 units in individual TA B L E 1 Baseline characteristics of children enrolled in the Finnmark Activity School decrease in prevalence of systolic or diastolic BP ≥ 90th percentile was detected from baseline to 24 months (20/68 to 10/68, P = 0.03) and from baseline to 36 months (17/56 to 4/56, P = 0.001).
| DISCUSS ION
We found no between-group differences in changes in BMI or BMI SDS at 36-month follow-up, 12 months after the end of individual family or group interventions. Smaller between-group effects in cardiometabolic risk factors were detected, mostly favouring group intervention. Results from analyses when data from both intervention groups were combined showed a continued decrease in BMI SDS, improvements in total and LDL cholesterol, CRF and prevalence of high blood pressure.
| Primary outcomes
Our findings implied that group-based, multidisciplinary treatment that included a large intervention dose did not outperform an individ- Nevertheless, these findings suggested that a lower intensity individual family intervention yielded sustainable weight changes in children with overweight and obesity.
| Cardiometabolic outcomes
The improvements in cardiometabolic risk factors were aligned with findings from a meta-analysis of lifestyle interventions that demonstrated favourable effects on systolic blood pressure, HDL cholesterol and triglycerides with decreasing BMI or weight. 24 TA B L E 2 (Continued)
Mean change from baseline (95 % confidence intervals) Between-group difference P value
Individual family intervention Group intervention (95% confidence interval) Group × Time
Cardiometabolic outcomes are less frequently reported in clinical trials in childhood obesity and lack of a universal definition of the metabolic syndrome in children makes it difficult to make comparisons between studies. 25 The decrease in BMI SDS observed in our study was smaller in magnitude than the level ≥0.25 suggested by Ford et al according to British reference, 14, 26 necessary to achieve significant improvements in cardiometabolic risk factors in children with obesity.
Others showed that a smaller BMI SDS reduction (≥0.125) was associated with improved cardiovascular risk factors and suggested that even smaller improvements in weight status can lead to meaningful improvements in cardiometabolic risk factors. 27 Because insulin resistance is an underlying metabolic abnormality of the metabolic syndrome and exercise increases insulin sensitivity, PA is considered a main therapeutic tool to treat metabolic syndrome in childhood. 28 In our study, insulin and C peptide increased among participants from 24 to 36 months, perhaps due to puberty or decreased PA after the 24-month intervention ended. However, we found an overall increase in CRF among participating children in this current study corresponding to approximately 7.5 mL/min/kg, 
| Pooled effects in weight status
Mean BMI SD score decreased in both intervention groups. This finding differs from other reports that failed to find sustainable improvements in weight-related outcomes after the period of active 
| Limitations
Despite study strengths including the randomised design and longterm follow-up, we acknowledge some study limitations. First, we were unable to retrieve follow-up data on 36% of our original sample. High drop-out is common in paediatric weight management, so we applied linear mixed models that assume missing data at random (MAR) and includes all available data at each time point in the main analyses. Although age, gender and BMI did not significantly differ between those who did vs those who did not contribute their data at 36 months, we cannot rule out the possibility that missing data may have biased our results. The possible effects of performing many statistical tests and multiple comparisons also needs to be taken into account when considering the statistical level and results.
The study was originally planned to compare an intensive multidisciplinary intervention with usual care. However, most families lived in small municipalities with only 1-2 public health nurses available and educational training had to be offered to all staff involved. The training may have contributed to individual family intervention receiving more support than expected in usual care.
Finally, we observed larger variability in change in BMI than originally anticipated, leaving the study slightly underpowered to detect group differences, especially in the absence of a conventional control group.
The analysis of the between-group differences in BMI SDS should not be influenced by the reference population chosen. However, the comparison of pooled BMI SDS results across studies applying different reference populations must be interpreted with caution.
This trial was performed in collaborating local municipalities of various sizes from population 1000-70 000, and healthcare providers were participating as a part of their regular work. Although performed in the northernmost region of Norway, these findings should be applicable to other settings.
| CON CLUS ION
There was no additional effect of an intensive group-based intervention compared with a low-intensive individual family programme in terms of BMI improvements with the chosen study design. However, improvements in cardiometabolic risk factors tended to be better in the group intervention. The extended decrease in BMI SDS in both groups at 36 months from baseline suggests long-term weight maintenance and overall improvements in cardiometabolic outcomes.
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